Unpolarized 800 MeV proton inelastic scatterings from an s-d shell nucleus 22 Ne are analyzed using phenomenological optical potentials in the Dirac coupled channel formalism. The firstorder rotational collective model is used to obtain the transition optical potentials for the low lying 
I. INTRODUCTION
Relativistic analyses based on the Dirac equation have shown that they can achieve better agreement with experimental intermediate energy proton scattering data than the nonrelativistic analyses based on the Schrödinger equation [1] [2] [3] . Because the Dirac analyses have proven to be very successful for the intermediate energy proton elastic scatterings from the spherically symmetric nuclei and a few deformed nuclei [3] [4] [5] [6] , the relativistic approaches have been expanded to the inelastic scatterings and have shown considerable improvements compared to the conventional nonrelativistic analyses [7] [8] [9] [10] . One of the merits of the Dirac approach instead of using the nonrelativistic approach is that the spin-orbit potential appears naturally in the Dirac approach when the Dirac equation is reduced to a Schrödinger-like second-order differential equation, while the spin-orbit potential should be inserted by hand in the nonrelativistic Schrödinger approach.
In this work we performed a relativistic Dirac analysis for the inelastic proton scatterings from an s-d shell nucleus 22 Ne by using the optical potential model [1] and the first-order 
II. THEORY AND RESULTS
Dirac Analyses are performed phenomenologically for the 800 MeV unpolarized proton inelastic scatterings from 22 Ne by using optical potential model and the collective model.
Because
22 Ne is one of the spin-0 nuclei, only scalar, time-like vector and tensor optical potentials survive [4, 12, 13] , as in spherically symmetric nuclei [14] ; hence, the relevant Dirac equation for the elastic scattering from the nucleus is given as
Here, U S is a scalar potential, U 0 V is a time-like vector potential, U T is a tensor potential, and V c is the Coulomb potential. The scalar and time-like vector potentials are used as direct potentials in the calculation, neglecting the tensor potentials since they have been found to be always very small compared to scalar or vector potentials [8, 10, 15] even though they are always present due to the interaction of the anomalous magnetic moment of the projectile with the charge distribution of the target. The scalar and vector optical potentials are complex and given as
where V S and W S are the strengths of the real and the imaginary scalar potentials, V 0 V and W 0 V are the strengths of real and the imaginary time-like vector potentials, respectively. We assume that these potentials have Fermi distribution as they are assumed to follow the distribution of nuclear density. Fermi model form factors of Woods-Saxon shape for the Dirac optical potentials are given as
where R 0,i and Z i are potential radius and diffusiveness, respectively and the subscript i stands for the real and imaginary scalar, and the real and imaginary vector potentials. In the first-order rotational model of ECIS, the deformation of the radius of the optical potential is given using the Legendre polynomial expansion method; with R 0 the radius at equilibrium, β λ is a deformation parameter and λ is the multipolarity.
We assume that the shape of the deformed potentials follows the shape of the deformed nuclear densities and that the transition potentials can be obtained by assuming that they are proportional to the first-order derivatives of the diagonal potentials. However, depending on the model assumed, pseudo-scalar and axial-vector potentials may also be present in the equation when we consider inelastic scattering. In the collective model approach used in this work, we assume that we can obtain appropriate transition potentials by deforming the direct potentials that describe the elastic channel reasonably well [14] . In order to compare the calculated results with those of the previous nonrelativistic calculations, we reduce the 
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The calculated optical potential parameters of the Woods-Saxon shape for the 800 MeV proton elastic scatterings from 22 Ne are shown in Table I . χ 2 /N, where N is the number of experimental data, was about 4.3. We observe that the real parts of the scalar potentials and the imaginary parts of the vector potentials turn out to be large and negative, and that the imaginary parts of the scalar potentials and the real parts of the vector potentials turn out to be large and positive, showing the same pattern as in the spherically symmetric nuclei [3] . In Fig. 2 . We should note that the surface-peaked phenomena never appear at the the nonrelativistic approaches since they use the Woods-Saxon shapes for both the central and spin-orbit potentials.
Next, a six-parameter search is performed including one excited state, the 2 + or the 4 Figure 1 shows the results of the coupled channel calculations for the ground state and it is seen that the coupling effects with the excited states appears at the large angles, making the lines to go down [3, 10] . In the figures, 'cpd' means 'coupled'. In are strongly coupled each other, as shown in the inelastic scatterings from other axiallysymmetric deformed nuclei [8] [9] [10] 15] . This was not the case for the spherically symmetric nuclei where the excited states could be well described by considering the coupling via singlestep transitions [3] . The potential strengths are changed to -311. 
